US009348294B2

a2 United States Patent 10) Patent No.: US 9,348,294 B2
Awamura et al. 45) Date of Patent: May 24, 2016
(54) IMAGE FORMING APPARATUS, IMAGE 2012/0014702 Al*  1/2012 Takemura ................... 399/46

FORMING SYSTEM, AND IMAGE FORMING
METHOD

(71) Applicants:Naoya Awamura, Kanagawa (IP);
Hiroaki Suzuki, Chiba (JP)

(72) Inventors: Naoya Awamura, Kanagawa (IP);
Hiroaki Suzuki, Chiba (JP)

(73) Assignee: RICOH COMPANY, LTD., Tokyo (JP)

(*) Notice: Subject to any disclaimer, the term of this

patent is extended or adjusted under 35
U.S.C. 154(b) by O days.

(21) Appl. No.: 14/471,628

(22) Filed: Aug. 28,2014
(65) Prior Publication Data
US 2015/0063886 Al Mar. 5, 2015
(30) Foreign Application Priority Data
Aug. 29,2013 (IP) cceoeriereireecccnen 2013-178573
(51) Imt.ClL
GO03G 15/00 (2006.01)
(52) US.CL
CPC .o, G03G 15/6585 (2013.01)
(58) Field of Classification Search
CPC it GO03G 15/6585

See application file for complete search history.
(56) References Cited
U.S. PATENT DOCUMENTS

2008/0298860 Al
2011/0206429 Al

12/2008 Omata
8/2011 Terao et al.

2012/0051816 Al
2012/0062956 Al
2012/0063802 Al*
2012/0155939 Al*

3/2012 Chiyoda

3/2012 Kitagawa et al.

3/2012 Suzukietal. ............ 399/82
6/2012 Fukatsuetal. ................ 399/341

FOREIGN PATENT DOCUMENTS

JP 2008-299254 12/2008

JP 2010152129 * 7/2010

JP 2011-180391 9/2011

JP 2012-022113 2/2012

JP 2012-037618 2/2012

JP 2012-053239 3/2012
OTHER PUBLICATIONS

Machine Translation of JP2010152129.*

* cited by examiner

Primary Examiner — Clayton E Laballe

Assistant Examiner — Ruifeng Pu

(74) Attorney, Agent, or Firm — Oblon, McClelland, Maier
& Neustadt, L.L.P.

(57) ABSTRACT

An image forming apparatus that forms an image to which a
plurality of various surface gloss effects are given by over-
laying clear toner to be fixed for a plurality of times on a
recording material on which color toner has been transferred,
the image processing apparatus comprises a determining unit
that determines number of times of fixing clear toner onto the
recording material for each image region, according to a
surface gloss effect of an image region that is indicated by
input image data; and a clear-image forming unit that gener-
ates a clear toner plane for each image region having been
determined that the number of times of fixing clear toner is
same by the determining unit, and forms a clear image.
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IMAGE FORMING APPARATUS, IMAGE
FORMING SYSTEM, AND IMAGE FORMING
METHOD

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application claims priority to and incorporates
by reference the entire contents of Japanese Patent Applica-
tion No. 2013-178573 filed in Japan on Aug. 29, 2013.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an image forming appara-
tus, an image forming system, and an image forming method.

2. Description of the Related Art

Conventionally, an image forming apparatus in which clear
toner that is colorless toner without color material is mounted
besides toners of four colors of CMYK has been available. A
toner image that is formed with such clear toner is fixed on a
recording medium, such as a transfer sheet, on which an
image has been formed with CMYK toner. As a result, a
visual effect or a tactile effect (referred to as surface effect)
are produced on a surface of the recording medium. The
surface effect to be produced varies depending on what kind
of'toner image is formed with clear toner and how the image
is fixed. The surface effect can be of simply giving a gloss, or
of reducing a gloss. Moreover, not just giving a surface effect
on an entire surface, a surface effect of giving the effect only
on a part of a surface, or a surface effect of giving a texture or
a watermark is also demanded. Furthermore, surface protec-
tion can be demanded. Moreover, there is a surface effect that
is produced by performing postprocessing by a dedicated
postprocessor such as a glosser and a low-temperature fuser,
besides a fixation control. In recent years, a technique in
which clear toner is fixed only on a desirable portion in a part
of a surface to give a gloss has been developed.

Furthermore, in Japanese Patent Application Laid-open
No. 2012-37618, an image forming apparatus has been dis-
closed that forms an image (overprinting) using clear toner on
a recording material (sheet) on which color toner, or color
toner and clear toner have been fixed.

However, there has been a problem that if overprinting is
performed to produce a high-gloss effect (mirror finish and
the like), the glossiness increases even in a region in which a
low gloss effect (matt finish) is to be produced.

In view of the above problem, there is a need to provide an
image forming apparatus, an image forming system, and an
image forming method by which an image can be formed,
appropriately giving a surface gloss effect for each of image
regions indicated by image data.

SUMMARY OF THE INVENTION

It is an object of the present invention to at least partially
solve the problems in the conventional technology.

According to the present invention, there is provided an
image forming apparatus that forms an image to which a
plurality of various surface gloss effects are given by over-
laying clear toner to be fixed for a plurality of times on a
recording material on which color toner has been transferred,
the image processing apparatus comprising: a determining
unit that determines number of times of fixing clear toner onto
the recording material for each image region, according to a
surface gloss effect of an image region that is indicated by
input image data; and a clear-image forming unit that gener-
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2

ates a clear toner plane for each image region having been
determined that the number of times of fixing clear toner is
same by the determining unit, and forms a clear image.

The present invention also provides an image forming sys-
tem that forms an image to which a plurality of various
surface gloss effects are given by overlaying clear toner to be
fixed for a plurality of times on a recording material on which
color toner has been transferred, the image processing system
comprising: a determining unit that determines number of
times of fixing clear toner onto the recording material for each
image region, according to a surface gloss effect of an image
region that is indicated by input image data; and a clear-image
forming unit that generates a clear toner plane for each image
region having been determined that the number of times of
fixing clear toner is same, and forms a clear image.

The present invention also provides an image forming
method of forming an image to which a plurality of various
surface gloss effects are given by overlaying clear toner to be
fixed for a plurality of times on a recording material on which
color toner has been transferred, the image processing
method comprising: determining number of times of fixing
clear toner onto the recording material for each image region,
according to a surface gloss effect of an image region that is
indicated by input image data; and generating a clear toner
plane for each image region having been determined that the
number of times of fixing clear toner is same, and forming a
clear image.

The above and other objects, features, advantages and tech-
nical and industrial significance of this invention will be
better understood by reading the following detailed descrip-
tion of presently preferred embodiments of the invention,
when considered in connection with the accompanying draw-
ings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram exemplifying a configuration of
an image forming system according to a first embodiment of
the present invention;

FIG. 2 is a table exemplifying types of surface effects
relating to glossiness;

FIG. 3 is a block diagram exemplifying a functional con-
figuration of a digital front end (DFE);

FIG. 4 exemplifies a data configuration of a surface-effect
selection table;

FIG. 5 is a flowchart indicating procedure of gloss control
processing that is performed by the image forming system;

FIG. 61is aflowchart indicating the gloss control processing
when the image forming system performs fusing processing
for multiple times (=N passes);

FIG. 7 is a fusing-frequency determination table in which
the number of fusing times with which sufficient glossiness is
obtained for each gloss effect is prescribed in advance;

FIGS. 8(a) to 8(d) are each a diagram exemplifying a
fixation result of clear toner in a gloss region when N passes
are performed;

FIGS. 9(a) and 9(b) are each a diagram exemplifying a final
print result when N passes are performed;

FIG. 10 is a diagram exemplifying a sequence in the fusing
processing when N passes are performed;

FIG. 11 is a block diagram showing a configuration of an
image forming system according to a second embodiment of
the present invention;

FIG. 12 is a block diagram showing a functional configu-
ration of a server device according to the second embodiment;

FIG. 13 is a block diagram showing a functional configu-
ration of a DFE according to the second embodiment;



US 9,348,294 B2

3

FIG. 14 is a sequence diagram showing an entire flow of a
toner plane generation processing according to the second
embodiment;

FIG. 15 is a network configuration diagram in which two
servers are arranged on a cloud; and

FIG. 16 is a hardware configuration diagram of a host
device, a DFE, and a server device.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

An image forming apparatus, an image forming system,
and an image forming method according to an embodiment
are explained in detail below with reference to the accompa-
nying drawings.

First Embodiment

First, a configuration example of an image forming system,
according to a first embodiment is explained using FIG. 1. In
the first embodiment, the image forming system is configured
with a printer control device (DFE) 50 (hereinafter, “DFE
50), an interface (I/F) controller (mechanism I/F controller
(MIC)) 60 (hereinafter, “MIC 60”), a printer unit 70, and a
glosser 80 and a low temperature fuser 90 as postprocessors
connected. The DFE 50 performs communication with the
printer unit 70 through the MIC 60, and controls image form-
ing at the printer unit 70. Moreover, to the DFE 50, a host
device 10 such as a personal computer (PC) is connected. The
DFE 50 receives image data from the host device 10, and
generates image data to form a toner image corresponding to
each toner of CMYK and clear toner by the printer unit 70,
and transmits the image data to the printer unit 70 through the
MIC 60. In the printer unit. 70, at least respective toner in
CMYK and clear toner are mounted, and an image forming
unit that includes a photoconductor, a charging device, a
developing device, and a photoconductor cleaner, an exposer,
and a fuser are equipped for each toner.

The clear toner is transparent (colorless) toner including no
colorant. Transparent (colorless) means that transparency is
70% or higher, for example.

The printer unit 70 forms, on the photoconductor, a toner
image corresponding to each toner by irradiating light beams
from the exposer according to image data that is transmitted
from the DFE 50 through the MIC 60. The formed toner
image is transferred onto a recording material such as transfer
paper, and is fixed by applying heat in at temperature within
a predetermined range (normal temperature) and pressure by
the fuser. Thus, an image is formed on the recording material.
The configuration of the printer unit 70 as described has been
widely known, and therefore, detailed explanation thereof is
omitted.

The glosser 80 is controlled to be turned on and off by
on/off information specified by the DFE 50, and when turned
on, applies pressure at high temperature and high pressure on
an image formed on a recoding material by the printer unit 70,
and thereafter, cools the image and removes the recording
material on which the image is formed from a main unit.
Thus, the total toner adhesion amount of each pixel on which
more than a predetermined amount of toner adheres in the
entire image formed on the recording material is uniformly
compressed. In the low temperature fuser 90, an image form-
ing unit that includes a photoconductor, a charging device, a
developing device, and a photoconductor cleaner for clear
toner, and an exposer, and a fuser to fix the clear toner are
equipped, and to use the low temperature fuser 90, image data
of a clear toner plane that is generated by the DFE 50
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described later is input. The low temperature fuser 90 forms,
when the DFE 50 generates image data of clear toner plane
(clear-toner plane data) to be used by the low temperature
fuser 90, a toner image using this data, and superimposes the
toner image on a recording material pressed by the glosser 80
to be fixed on the recording material by heat and pressure
lower than a normal case by the fuser.

Image data (original data) that is input by the host device 10
is explained. In the host device 10, an image data is generated
by an image processing application installed in advance, to be
transmitted to the DFE 50. In such an image processing
application, image data of a special color plane can be
handled for image data for which color density value (referred
to as density value) of each color in each color plane of RGB
or CMYK planes is prescribed for each pixel. The special
color plane is image data to adhere special toner or ink such as
white, gold, and silver, other than basic colors such as CMYK
and RGB, and is data for printer in which such special toner or
ink is mounted. With the special color plane, to improve color
reproducibility, addition of R to basic colors of CMYK, or
addition of Y to basic colors of RGB may be practiced. Usu-
ally, clear toner is also handled as one of special colors.

In the first embodiment, this clear toner as a special color is
used to produce a surface effect that is a visual or tactile effect
to be added onto a recoding material, and to form a transpar-
ent image such as a watermark and a texture on a recording
material.

Therefore, the image processing application in the host
device 10 generates, according to input image data, image
data of a gloss control plane and/or image data of clear plane
as image data of a special plane besides image data of a color
plane, based on specification by a user.

The image data of a color plane is image data for which
density values of colors such as RGB and CMYK are pre-
scribed for each pixel. In this image data of a color plane, one
pixel is expressed by 8 bits based on specification of colors by
a user.

Moreover, the image data of a gloss control plane is image
data in which a region to which a surface effect is to be given
and a type of the surface effect are specified, to perform
control of fixing clear toner according the surface effect that
is a visual or tactile effect to be added to a recording material.

Note that image data of a gloss control plane is an image to
be a base when one or more pieces of image data of a clear
toner are generated. The clear toner plane is image data that is
generated for each image region for which the number of
times of fixing clear toner is identical, and is to apply clear
toner (see FIG. 9).

Furthermore, the image data of a clear plane is image data
in which a transparent image such as a watermark and a
texture is specified. Moreover, a generic name of an image
that is fixed on a recording material using clear toner is a clear
image (that is, images formed by a gloss control plane and a
clear plane).

The gloss control plane is expressed, similarly to the color
plane of RGB, CMYK, or the like, with density values in a
range of “0” to “255” in 8 bits for each pixel, and a type of a
surface effect is associated with this density value (the density
value may be expressed in 16 bits or 32 bits, or in 0% to
100%). The gloss control plane indicates a type of a surface
effect, and a region to which the surface effect is given.

The host device 10 sets a type of a surface effect for a
drawing object specified by a user with the image processing
application as a density value as a gloss control value for each
drawing object, and generates image data of a gloss control
plane in a vector format.
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Each pixel constituting this image data of a gloss control
plane corresponds to a pixel of image data of a color plane. In
each image data, a density value expressed by each pixel is to
be a pixel value.

Types of the clear image broadly includes one relating to a
gloss, surface protection, watermark in which information is
embedded, a texture, and the like. As for the one relating to a
gloss, there are four types broadly as shown in FIG. 2, includ-
ing various types such as mirror finish gloss (PG: premium
gloss), solid gloss (G: gloss), halftone dot matt (M: matt), and
matt (PM: premium matt) in descending order in glossiness.
Hereinafter, mirror finish gloss may be referred to as “PG”,
solid gloss as “G”, halftone dot matt as “M”, and matt as
“PM” in some cases.

The mirror finish gloss and the solid gloss have a higher
degree of glossiness, and on the other hand, the halftone dot
matt and the matt are to reduce a gloss, and particularly, the
matt is to achieve glossiness lower than the glossiness of an
ordinary recording material. In the same figure, it is indicated
that the mirror finish gloss has the glossiness of 80 or higher,
the solid gloss has solid glossiness produced by a primary
color or a secondary color, the halftone dot matt has the
glossiness of a primary color and 0£30% in dots, and the matt
has the glossiness of 10 or lower. Moreover, a deviation of the
glossiness is expressed as AGS, and is 10 or smaller. To the
respective types of the surface effect, a higher density value is
associated to a surface effect having a higher degree of glossi-
ness. Intermediate density values are associated with a sur-
face effect such as a watermark and a texture. As a watermark,
for example, characters and background patterns are used. A
texture is to express a character or a pattern, and can produce
a tactile effect in addition to a visual effect. For example, a
pattern of stained glass can be produced with clear toner. The
mirror finish gloss and the solid gloss substitute the surface
protection. A region in which a surface effect is given in an
image that is expressed by image data to be processed, and a
type of surface effect to be given to the region are specified by
a user through the image processing application. In the host
device 10, a density value corresponding to a surface effect
that is specified by the user is set for a drawing object that
constitutes the region specified by the user, thereby generat-
ing image data of a gloss control plane. The correspondence
between a density value and a surface effect is described later.

Next, a functional configuration of the DFE 50 is
explained. The DEE 50 includes a rendering engine 51, an sil
unit 52, a tone reproduction curve (TRC) 53, an si2 unit 54, a
halftone engine 55, a clear processing 56, an si3 unit 57, and
a surface-effect selection table (not shown) as shown in FIG.
3. Therendering engine 51, the sil unit 52, the TRC 53, the si2
unit 54, the halftone engine 55, the clear processing 56, and
the 513 unit 57 are implemented by executing various kinds of
programs stored in a main storage unit or an auxiliary storage
unit by a control unit in the DEE 50. Either of the sil unit 52,
the si2 unit 54, and the si3 unit 57 has a function of separating
image data, and a function of integrating image data. The
surface-effect selection table is stored in, for example, an
auxiliary storage unit.

To the rendering engine 51, image data that has been trans-
mitted from the host device 10 is input. The rendering engine
51 interprets a language of the input image data, converts the
image data expressed in a vector format into a raster format,
and converts a color space expressed in RGB or the like into
a color space in a CMYK format, thereby outputting respec-
tive 8-bit image data of color planes of CMYK and an 8-bit
gloss control plane. The sil unit 52 outputs the respective
8-bit image data of CMYK to the TRC 53, and outputs, for
example, the 8-bit gloss control plane to the clear processing
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56. The DEE 50 converts the image data of a gloss control
plane in a vector format output from the host device 10 into a
raster format, and as a result, the DFE 50 outputs image data
of a gloss control plane, setting a type of surface effect for a
drawing object specified by the user with the image process-
ing application as a density value in a pixel unit.

To the TRC 53, the respective 8-bit image data of CMYK
are input through the sil unit 52. The TRC 53 performs
gamma correction with a gamma curve of 1D_LUT that is
generated by calibration to the input image data. As image
processing, there also is toner total-amount control, or the like
other than the gamma correction; however, it is omitted in an
example of this embodiment. The si2 unit 54 outputs the
respective 8-bit image data of CMYK on which the gamma
correction has been performed by the TRC 53 to the clear
processing 56 as data to generate an inverse mask (described
later). To the halftone engine 55, the respective 8-bit image
data of CMYK subjected to the gamma correction are input
through the si2 unit 54. The halftone engine 55 performs
halftone processing to convert the input image into a data
format of, for example, image data of CMYK in 2 bits each,
to output to the printer unit 70, and outputs the image data
subjected to the halftone processing, such as image data of
CMYK in 2 bits each. Note that 2 bits is an example, and it is
not limited thereto.

To the clear processing 56, the 8-bit gloss control plane
obtained by conversion performed by the rendering engine 51
is input through the sil unit 52, and the respective 8-bit image
data of CMYK on which the gamma correction has been
performed by the TRC 53 are input through the si2 unit 54.
The clear processing 56 uses the input gloss control plane and
determines a surface effect corresponding to a density value
(pixel value) indicated by each pixel constituting the gloss
control plane by referring to the surface-effect selection table
described later. According to the determination, the clear
processing 56 determines whether to turn on or off the glosser
80, and generates an inverse mask or a solid mask as appro-
priate using the respective input 8-bit image data of CMYK,
thereby generating 2-bit image data of a clear toner plane to
apply clear toner appropriately. According to a result of the
determination about a surface effect, the clear processing 56
appropriately generates image data of a clear toner plane to be
used in the printer unit 70 and image data of a clear toner plane
to be used in the low temperature fuser 90 to output, and
outputs on/off information that indicates on or off of the
glosser 80.

The inverse mask is to make the total adhesion amount of
CMYK toner and clear toner on each pixel constituting an
object region to which a surface effect is given uniform.
Specifically, in the image data of a CMYK plane, density
values of pixels constituting the object region are all added,
and image data in which the sum is subtracted form a prede-
termined value is to be the inverse mask. For example, an
inverse mask 1 described above is expressed by following
Equation (1).

Clr=100-(C+M+Y+K), where Clr=0 when Clr<0 (€8]

Clr, C, M, Y, and K in Equation (1) indicate density rates
converted form density values of respective pixels for respec-
tive toner of clear toner, C, M, Y, and K. That is, by Equation
(1), the total adhesion amount that is obtained by adding the
adhesion amount of clear toner to the total adhesion amount
of respective toners of C, M, Y, and K is made into 100% for
all of pixels constituting an object region to which a surface
effect is given. When the total adhesion amount of respective
toners of C, M, Y, and K is 100% or higher, clear toner is not
to be applied, and the density rate thereof is made into 0%.
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This is because a part in which the total adhesion amount of
respective toners of C, M, Y, and K exceeds 100% is smoothed
by the fusing processing. As described, by making the total
adhesion amount on all pixels constituting an object region to
which a surface effect is given into 100%, unevenness on a
surface caused by difference in the total adhesion amount of
toner in the object region is eliminated, and as a result, a gloss
is produced by specular reflection of light. Note that there is
an inverse mask that is calculated by one other than Equation
(1), and there may be more than one type of inverse mask.

For example, the inverse mask may be one to adhere clear
toner uniformly on each pixel. In this case, the inverse mask
is also referred to as solid mask, and is expressed by Equation
(2) below.

Clr=100 )

It may be arranged such that a density rate other than 100%
is assigned to some pixels among object pixels to which a
surface effect is given, and a solid mask can have more than
one pattern.

Moreover, for example, the inverse mask may be one cal-
culated by multiplication of the background exposure rates of
respective colors. In this case, the invert mask is expressed by,
for example, Equation (3) below.

Clr=100x{(100-C)/100}x{(100-M)/100}x{(100-Y)/

100}x{(100-K)/100} ©)

In the above equation, (100-C)/100 indicates the back-
ground exposure rate of C, (100-M)/100 indicates the back-
ground exposure rate of M, (100-Y)/100 indicates the back-
ground exposure rate of Y, and (100-K)/100 indicates the
background exposure rate of K.

Furthermore, the inverse mask may be one calculated by a
method assuming that a halftone dot having the maximum
area ratio controls smoothness. In this case, the inverse mask
is expressed by, for example, Equation (4) below.

Clr=100-max(C,M, ¥K) 4

In Equation (4) above, max(C, M, Y, K) indicates that the
density value of a color having the maximum density value
among CMYK is to be the representative value.

In other words, the inverse mask may be either one among
ones expressed by Equations (1) to (4) described above.

The surface-effect selection table is a table indicating cor-
respondence between a density value as a gloss control value
indicating a surface effect and a type of surface effect, control
information relating to a postprocessor according to a con-
figuration of the image forming system, and correspondence
between image data of a clear toner plane used in the printer
unit 70 and image data of a clear toner plane used in the
postprocessor. Although the configuration of the image form-
ing system can take various forms, in the first embodiment, a
configuration in which the glosser 80 and the low temperature
fuser 90 are connected to the printer unit 70 as the postpro-
cessors is adopted. The control information relating to the
postprocessor according to the configuration of the image
forming system is on/off information that indicates whether
to turn on or off the glosser 80. Moreover, as the image data of
a clear toner plane used in the postprocessor, image data of a
clear toner plane used in the low temperature fuser 90 is
included. FIG. 4 exemplifies a data configuration of the sur-
face-effect selection table. The surface-effect selection table
can be configured so as to indicate the control information
relating to the postprocessor, image data of a clear toner plane
1 used in the printer unit 70 and image data of a clear toner
plane 2 used in the postprocessor, and the correspondence
between a density value and a surface effect for each different
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configuration of the mage forming system, and in FIG. 4, a
data configuration according to the configuration of the image
forming system according to the first embodiment is exem-
plified. In the correspondence between a surface effect and a
density value indicated in the table, each type of surface effect
is associated with each range of density values. Furthermore,
for a rate of density (density rate) converted from a value
representing the range of density values (representative
value), each type of surface effect is assigned to each 2%
increments. Specifically, to a range (“212” to “255”) of den-
sity values in which the density rate is 84% or higher, surface
effects (mirror finish effect and solid gloss effect) of giving a
gloss are assigned, and a range (“1” to “43”) of density values
in which the density rate is 16% or lower, surface effects
(halftone dot matt and matt) of reducing a gloss are assigned.
Moreover, in a range of density values in which the density
rate is 20% to 80%, surface effects such as a texture and a
background watermark are assigned.

More specifically, for example, to pixel values of “238” to
“255”, the mirror finish gloss (PM) assigned as the surface
effect, and out of these pixel values, to three ranges of pixel
values “238”to “242”, pixel values “243” to “247”, and pixel
values “248” to “255”, respective different types of mirror
finish gloss are assigned. Furthermore, to pixel values of
“212” to “2327, the solid gloss (G) is assigned, and out of
these pixels, to four ranges of pixel values “212” to “216”,
pixel values “217”to <2217, pixel values “222” to “227”, and
pixel values “228”to “232”, respective different types of solid
gloss are assigned. Moreover, to pixel values of “23” to “43”,
the halftone dot matt (M) is assigned, and out of these pixel
values, four ranges of pixel values “23” to “28”, pixel values
“29 10 “33”, pixel values “34” to “38”, and pixel values “39”
to “43”, respective different types of halftone dot matt are
assigned. Furthermore, to pixel values of*“1”to “17”, the matt
(PM) is assigned, and out of these pixel values, three ranges of
pixel values “1” to “7”, pixel values “8” to “12”, and pixel
values “13” to “17”, respective different types of matt are
assigned. These different types in an identical surface effect
differ in expressions to calculate image data of a clear toner
plane to be used in the printer unit 70 and the low temperature
fuser 90, and the operation of a printer main unit and the
postprocessors are the same. To the density value of “0”,
giving no surface effect is assigned.

Moreover, in FIG. 4, the on/off information indicating on
or off of the glosser 80, and contents of image data of a clear
toner plane 1 used in the printer unit 70 (Clr-1 in FIG. 1) and
image data of a clear toner plane 2 used in the low temperature
fuser 90 are indicated corresponding to pixel values and sur-
face effects. For example, when the surface effect is the mir-
ror finish gloss, it is indicated that the glosser 80 is turned on,
and the image data of a clear toner plane 1 used in the printer
unit 70 is one expressed by an inverse mask, and the image
data of a clear toner plane 2 used in the low temperature fuser
90 (Clr-2 in FIG. 1) is not present. The inverse mask is, for
example, acquired by Equation (1) described above. The
example shown in FIG. 4 is an example of a case in which a
region for which the mirror finish effect is designated as the
surface effect corresponds to the entire region specified by
image data. An example of a case in which a region for which
the mirror finish effect is designated as the surface effect
corresponds to a part of the region specified by image data is
described later.

Furthermore, it is indicated that when the density value is
from “228” to “232” and the surface effect is the solid gloss,
the glosser 80 is turned off, the image data of a clear toner
plane 1 used in the printer unit 70 is an inverse mask 1, and the
image data of a clear toner plane 2 used in the low temperature
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fuser 90 is not present. The inverse mask 1 is only required to
be one expressed by either equation of Equation (1) to Equa-
tion (4) described above. Because the glosser 80 is off, the
total adhesion amount of toner to be smoothed varies, and
therefore, unevenness on the surface increases compared to
the mirror finish gloss, and a solid gloss having lower glossi-
ness than the mirror finish gloss can be obtained as a result.
Moreover, it is indicated that when the surface effect is the
halftone dot matt, the glosser 80 is off, the image data of a
clear toner plane 1 used in the printer unit 70 is one expressing
halftone (halftone dots), and the image data of a clear toner
plane 2 used in the low temperature fuser 90 is not present.
Furthermore, it is indicated that when the surface effect is the
matt, the glosser 80 can be either on or off, the image data of
a clear toner plane 1 used in the printer unit 70 is not present,
and the image data of a clear toner plane 2 used in the low
temperature fuser 90 is one expressing a solid mask. The solid
mask is, for example, one acquired by Equation (2) described
above.

The clear processing 56 refers to the surface-effect selec-
tion table described above to determine a surface effect that is
assigned to each pixel value indicated by a gloss control
plane, to determine whether the glosser 80 is to be on or off,
and to determine what kind of image data of a clear toner
plane is to be used in the printer unit 70 and the low tempera-
ture fuser 90. The clear processing 56 makes determination
whether to turn on or off the glosser 80 for every single page.
Subsequently, as described above, the clear processing 56
appropriately generates image data of a clear toner plane
according to the determination result, outputs this image data,
and outputs the on/off information for the glosser 80.

The si3 unit 57 integrates respective 2-bit image data of
CMYK subjected to the halftone processing and 2-bit image
data of a clear toner plane that is generated by the clear
processing 56, and outputs integrated image data to the MIC
60. Note that there is a case in which the clear processing 56
does not generate at least one of the image data of a clear toner
plane used in the printer unit 70 and the image data of a clear
toner plane used in the low temperature fuser 90, and there-
fore, the image data of a clear toner plane generated by the
clear processing 56 is integrated at the si3 unit 57, and when
both of the image data of a clear toner plane are not generated
by the clear processing 56, image data in which the respective
2-bit image data of CMYK are integrated is output from the
si3 unit 57. As a result, four to six pieces of image data having
2 bits each are transmitted from the DFE 50 to the MIC 60.
Furthermore, the si3 unit 57 also outputs, to the MIC 60, the
on/off information for the glosser 80 output by the clear
processing 56.

The MIC 60 is connected to the DFE 50 and the printer unit
70, and receives image data of a color plane and image data of
a clear toner plane from the DFE 50 to distribute the respec-
tive data to corresponding devices, and performs control of
the postprocessors.

Next, procedure of gloss control processing that is per-
formed by the image forming system according to the first
embodiment is explained using FIG. 5. When the DFE 50
receives image data from the host device 10 (step S1), the
rendering engine 51 interprets a language thereof to convert
image data expressed in the vector format into the raster
format, and to convert a color space expressed in the RGB
format into a color space in the CMYK format, and acquires
respective 8-bit image data of color planes of CMYK and an
8-bit gloss control plane (step S2).

When the 8-bit image data of a gloss control plane is
output, the TRC 53 ofthe DFE 50 performs gamma correction
with the gamma curve of 1D_LUT that is generated by cali-
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bration on the respective 8-bit image data of color planes of
CMYK, and the halftone engine 55 performs halftone pro-
cessing to convert into a data format of respective 2-bit image
data of CMYK to be output to the printer unit 70, on the image
data subjected to the gamma correction, and thereby acquires
respective 2-bit image data of CMYK subjected to the half-
tone processing (step S3).

Furthermore, the clear processing 56 of the DFE 50 refers
to the surface-effect selection table, and determines, using an
8-bit gloss control plane, a surface effect that is specified to
each pixel value indicated by the gloss control plane. Thus,
the clear processing 56 makes the determination as described
for all pixels constituting the gloss control plane. In the gloss
control plane, the density value in an identical range is indi-
cated for each image region, for all the pixels constituting the
image regions to which respective surface effects are given.
Therefore, as for pixels adjacent to where it has been deter-
mined as an identical surface effect, the clear processing 56
determines that those pixels are included in the region to
which the identical surface effect is given. Specifically, in
each image region in which the number of fusing times of
clear toner is the same, the density values are of the identical
range. As descried, the clear processing 56 determines a
region to which a surface effect is given, and the type of
surface effect to be given to the region. According to the
determination, the clear processing 56 then determines
whether to turn on or off the glosser 80 (step S4).

Subsequently, the clear processing 56 of the DFE 50 appro-
priately generates 8-bit image data of a clear toner plane to
adhere clear toner, appropriately using the respective 8-bit
image data of CMYK subjected to the gamma correction (step
S5). The halftone engine 55 converts the 8-bit image data of
acleartoner plane using 8-bit image data into 2-bit image data
of a clear toner plane by the halftone processing (step S6).

Subsequently, the si3 unit 57 of the DFE 50 integrates the
respective 2-bit image data of CMYK subjected to the half-
tone processing and 2-bit image data of a clear toner plane
generated at step S6, and outputs the integrated image data
and the on/off information indicating whether to turn on or off
the glosser 80 to the MIC 60 (step S7).

When the clear processing 56 does not generate image data
of a clear toner plane at step S5, only the respective 2-bit
image data of CMYK, subjected to the halftone processing
acquired at step S3 are integrated to be output to the MIC 60
at step S7.

Specific examples are explained according to types of sur-
face effect. Herein, each type of the mirror finish gloss and the
solid gloss to give a gloss, and the halftone dot matt and the
matt to reduce a gloss is specifically explained. Moreover, a
case in which a single type of surface effect is specified within
one page is explained. At step S4, the clear processing 56 of
the DEE 50 refers to the surface-effect selection table shown
in FIG. 4, and determines that the surface effect specified for
pixels having the density values of “238” to “255” is the
mirror finish gloss, using the density value indicated by each
pixel of the 8-bit gloss control plane. In this case, the clear
processing 56 of the DEE 50 determines whether the region
for which the mirror finish gloss is specified as the surface
effect corresponds to the entire region specified by image
data. When the determination result is positive, the clear
processing 56 of the DFE 50 generates an inverse mask by, for
example, Equation (1) using image data that corresponds to
the region in the respective 8-bit image data of CMYK sub-
jected to the gamma correction. What expresses the inverse
mask is to be image data of a clear toner plane used in the
printer unit 70. Note that because image data of a clear toner
plane used in the low temperature fuser 90 is not used for this
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region, the DFE 50 does not generate image data of a clear
toner plane used in the low temperature fuser 90. At step S7,
the si3 unit 57 of the DFE 50 integrates the image data of a
clear toner plane used in the printer unit 70 and the respective
2-bit image data of CM YK subjected to the halftone process-
ing acquired at step S3, and outputs the integrated image data
and the on/off information indicating on of the glosser 80, to
the MIC 60. The MIC 60 outputs the image data of CMYK
color planes and the image data of a clear toner plane used in
the printer unit 70 to the printer unit 70, and turns on the
glosser 80 using the on/off information output from the DFE
50. The printer unit 70 forms a toner image corresponding to
each toner on the by irradiating light beams from the exposer
on the photoconductor using the image data of the color
planes of CMYK and the image data of a clear toner plane
output from the MIC 60, and transfers and fixes this toner
image onto a recording material by applying heat and pres-
sure at normal temperature. Thus, the clear toner adheres on
the recording material in addition to the CM YK toner, thereby
forming an image thereon. Thereafter, the glosser 80 applies
pressure at high temperature and high pressure onto the
recording material. Because image data of a clear toner plane
is not output for the low temperature fuser 90, the recording
material is ejected without applying clear toner in the low
temperature fuser 90. As a result respective toner of CMYK
and clear toner are compressed to have a uniform total adhe-
sion amount in the entire region specified by the image data,
and therefore, a high gloss can be produced on the surface of
this region.

On the other hand, when the region for which the mirror
finish gloss is specified corresponds to a part of the region
specified by the image data, a following situation can occur.
First, to the region for which the mirror finish gloss is speci-
fied, image data of a clear toner plane expressing the inverse
mask described above is used. However, when the total adhe-
sion amount of CMYK toner is set to a predetermined amount
or more for all pixels other than those in the region, applied
pressure by the glosses 80, the total adhesion amount of the
CMYK toner in the region for which the mirror finish gloss is
specified and the total adhesion amount of CMYK toner in the
region in which the total adhesion amount of respective toner
of CMYK is set to the predetermined amount or more and
clear toner becomes uniform.

For example, when the total adhesion amount of CMYK
toner is set the predetermined amount or more for all pixels
constituting the region specified by the image data, the same
result is produced as a case in which the mirror finish gloss is
specified for the entire region specified by the image data.

Therefore, when the region for which the mirror finish
gloss is specified as the surface effect corresponds to a part of
the region specified by the image data, the OFF 0.50 generates
image data of a clear toner plane that is same as one when the
mirror finish gloss is specified to the entire region specified by
image data, and after clear toner adheres on a recording
material, pressure is applied thereon by the glosser 80. Sub-
sequently, image data of a clear toner plane to be used in the
low temperature fuser 90 is generated to give the surface
effect of the matt to a region other than the region for which
the mirror finish gloss is specified as the surface effect on the
recording material pressed by the glosser 80.

Specifically, the DEE 50 generates the inverse mask by
Equation (1), similarly to the description above, as image data
of a clear toner plane to be used in the printer unit 70. Fur-
thermore, the DFE 50 generates the solid mask by Equation
(2) for a region other than the region for which the mirror
finish effect is specified as the surface effect, as image data of
a clear toner plane to be used in the low temperature fuser 90.

30

40

45

55

60

12

At step S7, the si3 unit 57 of the DEE 50 integrates the image
data of a clear toner plane used in the printer unit 70, the
image data of a clear toner plane used in the low temperature
fuser 90, and the respective 2-bit image data of CMYK sub-
jected to the halftone processing acquired at step S3, and
outputs the integrated image data and the on/off information
indicating on of the glosser 80, to the MIC 60.

The MIC 60 outputs, to the printer unit 70, the image data
of CMYK color planes and the image data of a clear toner
plane used in the printer unit 70 among image data output
from the DFE 50, and turns on the glosser 80 using the on/off
information output from the DFE 50, and outputs the image
data ofaclear toner plane used in the low temperature fuser 90
out of image data output from the DFE 50 to the low tem-
perature fuser 90. The printer unit 70 forms an image on
which CMYK toner and clear toner adhere on a recording
material using the image data of the color planes of CMYK
and the image data of a clear toner plane output from the MIC
60. Thereafter, the glosser 80 presses the recording material at
high temperature and high pressure. The low temperature
fuser 90 forms a toner image with clear toner using the image
data of a clear toner plane output from the MIC 60, superim-
poses this toner image on the recording material that has
passed through the glosser 80, and fixes the toner image onto
the recording material by applying low temperature heat and
pressure. As a result, in the region for which the mirror finish
gloss is specified, respective toner of CMYK and clear toner
are compressed to have the uniform total adhesion amount
thereof, and therefore, a high gloss can be produced on the
surface of the region. On the other hand, in a region other than
the region for which the mirror finish gloss is specified, adhe-
sion of clear toner with the solid mask after pressing by the
glosser 80 causes unevenness on the surface, thereby reduc-
ing a gloss on the surface of the region.

Moreover, at step S4, the clear processing 56 of the DFE 50
refers to the surface-effect selection table, and determines
that the surface effect specified for pixels having the density
values of “212” to “232” is the solid gloss, using the density
value indicated by each pixel of the 8-bit gloss control plane,
and specifically, determines as a solid gloss type I for pixels
having the density values of “228” to “232”. In this case, the
clear processing 56 of the DFE 50 generates the inverse mask
using image data that corresponds to the region in the respec-
tive 8-bit image data of CMYK subjected to the gamma
correction. What expresses the inverse mask 1 is to be image
data of a clear toner plane used in the printer unit 70. Note that
because image data of a clear toner plane used in the low
temperature fuser 90 is not used for this region, the DFE 50
does not generate image data of a clear toner plane used in the
low temperature fuser 90. At step S7, the si3 unit 57 of the
DFE 50 integrates the image data of a clear toner plane used
in the printer unit 70 and the respective 2-bit image data of
CMYK subjected to the halftone processing acquired at step
S3, and outputs the integrated image data and the on/off
information indicating off of the glosser 80, to the MIC 60.
The MIC 60 outputs, to the printer unit 70, the image data of
CMYK color planes and the image data of a clear toner plane
used in the printer unit 70 output from the DFE 50 and turns
off the glosser BO using the on/off information output from
the DFE 50. The printer unit 70 forms an image on which
CMYK toner and clear toner adhere on a recording material
using the image data of the color planes of CMYK and the
image data of a clear toner plane to be used in the printer unit
70 output from the MIC 60. Because the glosser 80 is turned
off, the recording material is to be pressed at high temperature
and high pressure thereafter. Because image data of a clear
toner plane is not output for the low temperature fuser 90, the



US 9,348,294 B2

13

recording material is ejected without applying clear toner in
the low temperature fuser 90. As a result, the total adhesion
amount of respective toner of CMYK and clear toner
becomes comparatively uniform in the region for which the
solid gloss is specified, and therefore as the surface effect, and
a comparatively high gloss can be produced on the surface of
this region.

Moreover, at step S4, the clear processing 56 of the DFE 50
refers to the surface-effect selection table, and determines
that the surface effect specified for pixels having the density
values of “23” to “43” is the halftone dot matt, using the
density value indicated by each pixel of the 8-bit gloss control
plane. In this case, the clear processing 56 of the DFE 50
generates image data expressing halftone as image data of a
clear toner plane to be used in the printer unit 70. Note that
because image data of a clear toner plane used in the low
temperature fuser 90 is not used for this region, the DFE 50
does not generate image data of a clear toner plane used in the
low temperature fuser 90. At step S7, the si3 unit 57 of the
DFE 50 integrates the image data of a clear toner plane used
in the printer unit 70 and the respective 2-bit image data of
CMYK subjected to the halftone processing acquired at step
S3, and outputs the integrated image data and the on/off
information indicating off of the glosser 80, to the MIC 60.
The MIC 60 outputs, to the printer unit 70, the image data of
CMYK color planes and the image data of a clear toner plane
used in the printer unit 70 that are image data output from the
DFE 50, and turns off the glosser 80 using the on/off infor-
mation output from the DFE 50. The printer unit 70 forms an
image on which CMYK toner and clear toner adhere on a
recording material using the image data of the color planes of
CMYK and the image data of a clear toner plane output from
the MIC 60. Because the glosser 80 is turned off, the record-
ing material is not to be pressed at high temperature and high
pressure thereafter. Because image data of a clear toner plane
is not output for the low temperature fuser 90, the recording
material is ejected without applying clear toner in the low
temperature fuser 90. As a result, in the region for which the
halftone dot matt is specified as the surface effect, halftone
dot matt is added by clear toner, thereby forming unevenness
on the surface and a gloss on the surface of this region is
slightly reduced.

Furthermore, at step 34, the clear processing 56 of the DFE
50 refers to the surface-effect selection table, and determines
that the surface effect specified for pixels having the density
values of “1” to “17” is the matt, using the density value
indicated by each pixel of the 8-bit gloss control plane. In this
case, as for on or off of the glosser 80, when there is another
surface effect specified within one page (described later), the
clear processing 56 of the DFE 50 follows the setting thereof.
The clear processing 56 does not generate image data of a
clear toner plane used in the printer unit 70 when the glosser
80 is either on or off, and generates the solid mask as the
image data of a clear toner plane used in the low temperature
fuser 90. At step S7, the si3 unit 57 of the DFE 50 integrates
the image data of a clear toner plane used in the low tempera-
ture fuser 90 and the respective 2-bit image data of CMYK
subjected to the halftone processing acquired at step S3, and
outputs the integrated image data and the on/off information
indicating on or off of the glosser 80, to the MIC 60. The MIC
60 outputs, to the printer unit 70, the image data of CMYK
color planes out of image data output from the DFE 50, and
outputs, to the low temperature fuser 90, the image data of a
clear toner plane out of image data output from the DFE 50
used in the low temperature fuser 90. The printer unit 70
forms an image on which CMYK toner adheres on a record-
ing material using the image data of the color planes of
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CMYK output from the MIC 60. When the glosser 80 is
turned on, the recording material is pressed at high tempera-
ture and high pressure by the glosser 80, and when the glosser
is turned off, the recording material is not pressed at high
temperature and high pressure. The low temperature fuser 90
forms a toner image with clear toner using the image data of
aclear toner plane output from the MIC 60, superimposes this
toner image on the recording material that has passed through
the glosser 80, and fixes the toner image onto the recording
material by applying low temperature heat and pressure. As a
result, in the region for which the matt is specified as the
surface effect, adhesion of clear toner with the solid mask
causes unevenness on the surface, thereby reducing a gloss on
the surface of the region.

Even in case in which different types of surface effects are
specified in one page, the processing described above can be
applicable. That is, when more than one surface effect is
specified within one page, in the image data of a gloss control
plane, each density value corresponding to a type of surface
effect shown in FI1G. 4 is set to pixels in a region to which each
type of surface effect is given. That is, in the gloss control
plane, for each type of surface effect, a region to which the
surface effect is given is specified, and therefore, in the DFE
50, it can be determined that a range of pixels to which an
identical density value is set in the image data of this gloss
control plane is the region to which the identical surface effect
is given, and each of the surface effects can be easily produced
within one page.

Next, operation when the image forming system performs
fusing processing more than once is explained. FIG. 6 is a
flowchart indicating the gloss control processing when the
image forming system performs fusing processing for mul-
tiple times (=N passes).

At step S600, the DFE 50 performs gloss control process-
ing similar to a case in which fusing processing is performed
only one time (N=1 pass) (see FIG. 5).

At step S601, the DFE 50 detects a region having the
maximum fusing frequency from among input image data,
based on a total CMYK amount of each pixel and a fusing-
frequency determination table (see FIG. 7).

At step S602, the DFE 50 determines whether or not a
maximum value N, .. in the number of fusing times is larger
than 1. When the maximum value N, in the number of
fusing times is equal to or smaller than 1 (step S602: NO), it
is considered that a sufficient result can be obtained with one
pass, and because processing corresponding to the first one
pass has been performed in the processing at step S600, the
DFE 50 ends the gloss control processing. Moreover, when
the maximum value N,, ., in the number of fusing times is
larger than 1 (step S602: YES), it is determined that process-
ing with N passes is required, and proceeds to processing of
step S603.

At step S603, the DFE 50 determines whether or not the
number of fusing times of a focused pixel is equal to or larger
than N, .. When the number of fusing times of the focused
pixel is lower than N, (step S603: NO), not such high
glossiness is required for the focused pixel, and the DFE 50
proceeds to processing step S604. Moreover, when the num-
ber of fusing times of the focused pixel is equal to or higher
than N, (step S603: YES), the DFE 50 proceeds to process-
ing at step S605. This processing is necessary to fix only a
region having the maximum number prior to others. Thus, it
can be arranged such that a region for which an effect of low
glossiness is aimed to be produced is not influenced by N
passes to achieve a region for which an effect of high glossi-
ness is aimed to be produced (see FIG. 9 and FIG. 10).
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At step S604, the DFE 50 sets a value of a clear plane to 0
(substitute O for density). That is, in this pixel, clear toner is
not applied.

Atstep S605, the DFE 50 determines whether or not a gloss
effect of a focused pixel is gloss. When the gloss effect of the
focused pixel is not gloss (step S605: NO), the DFE 50
proceeds to processing at step S607. Moreover, when the
gloss effect of the focused pixel is gloss (step S605: YES), the
DFE 50 proceeds to processing at step S606.

At step S606, the DFE 50 generates solid data instead of
inverse data for the gloss effect of the gloss, unlike the first
pass. This processing is to enhance the glossiness by smooth-
ing a surface of toner fixed on a recording material (see FIG.
8).

At step S607, the DFE 50 determines whether or not the
gloss effect of the focused pixel is matt. When the gloss effect
of the focused pixel is not matt (step S607: NO), the DFE 50
proceeds to processing at step S609. Moreover, when the
gloss effect of the focused pixel is matt (step S607: YES), the
DFE 50 proceeds to processing at step S608.

At step S608, the DFE 50 generates, for the gloss effect of
matt, halftone that is deviated by several pixels from halftone
generated at last pass to maintain smoothness. Specifically,
DFE 50 generates halftone that is deviated by pixels of (X, y)
from last pass. Note that x and y are the number of pixels that
are smaller than a halftone cycle in a main scanning direction
and a sub-scanning direction. That is, the DEE 50 generates,
for atoner image formed on a recording material, a clear toner
plane in which deviation smaller than the halftone cycle is
created in the main scanning direction and the sub-scanning
direction each time a clear toner plane is generated.

Atstep S609, the DFE 50 generates data same as that of the
first pass, which is a solid image. The processing at step S609
is processing that is performed when it is determined as NO at
processing of step S605 and step S607, and corresponds to a
case of producing a watermark or a texture. In this example,
smoothness can be maintained by simply using the same data
as that of the first pass (because it is a solid image).

The DFE 50 repeats the processing at step S603 to step
S609, to perform the processing on all pixels.

At step S610, the DFE 50 performs the gloss control pro-
cessing at N-th pass by using a clear toner plane at N-th pass.

Atstep S611, the DEE 50 subtracts 1 from avalueofN,,, ...

At step S612, the DFE 50 determines whether or notN,,, ..
is 1. When N, . is not 1 (step S612: NO), the DFE 50 returns
to the processing at step S603 to generate a clear toner plane
to be used at next pass. Moreover, when N, is 1 (step S612:
YES), the DFE 50 ends the processing.

As described, by completing the entire processing from
step S600 to step S612 by the DFE 50, surface effects are
appropriately given to respective image regions indicated by
image data to form an image.

FIG. 7 is the fusing-frequency determination table in which
the number of fusing times with which sufficient glossiness
for respective gloss effects can be acquired are prescribed in
advance. This fusing-frequency determination table is stored,
for example, in the DFE 50.

When clear toner is applied over color toner, basically, the
glossiness tends to be higher as the total use amount of color
toner increases. Therefore, the fusing-frequency determina-
tion table has a table configuration in which the number of
fusing times varies according to the total amount (%) of
CMYK. As described above, the DFE 50 determines the
number of fusing times of each gloss effect based on this
fusing-frequency determination table at the time of perform-
ing N passes, and performs the fusing processing from one
having a larger number in fusing times prior to others (as for
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the sequence of the fusing processing, see FIG. 10). The
fusing-frequency determination table is stored, for example,
in the clear processing 56 shown in FIG. 3.

FIG. 8 is a diagram exemplitying a fixation result of clear
toner in a gloss region when N passes are performed. When a
clear toner plane of the first pass is generated, the surface-
effect selection table shown in FI1G. 4 is used. That is, data of
inverse mask, halftone, and solid are generated for the gloss,
the matt, and a watermark or a texture, respectively to perform
fusing.

When an effect of gloss is to be given to a region in which
color toner is present on a recording material as shown in FIG.
8(a), an inverse mask as shown in FIG. 8(b) is generated and
overlaid thereon. In this case, the surface of clear toner on the
recording material is uniform and a high gloss can be
obtained. However, if the same clear toner as the first pass is
simply overlaid at N-th pass, the uniformity is lost as shown
in FIG. 8(c). Therefore, the DFE 50 overlays a solid image
(part above a dotted line in the figure), not an inverse mask,
thereon at the second pass and later as shown in FIG. 8(d) to
make the surface uniform, thereby maintaining high glossi-
ness (corresponding to the processing at step S605 to step
S606 in FIG. 6).

FIG. 9 is a diagram exemplifying a final print result when
N passes are performed. As a comparative example shown in
FIG. 9(a), if the same clear toner plane as the first pass is
simply overlaid for multiple times, following a region having
high glossiness, even in a matt region in which an effect of low
glossiness is aimed to be produced, the glossiness becomes
high. Therefore the DFE 50 performs N passes, dividing
regions as shown in FIG. 9(4). For example, the DFE 50
performs the fusing processing minimum number of times for
the matt region in which an effect of low glossiness is aimed
to be produced. Specifically, it is achieved by the processing
at step S603, step S611, and step S612 shown in FIG. 6.

FIG. 10 is a diagram exemplifying a sequence in the fusing
processing when N passes are performed. As shown in FIG.
10, when the total amount of CMYK toner is 120%, which is
the total toner amount of maximum density of a single color,
according to the fusing-frequency determination table shown
in FIG. 7, the number of fusing processing times of respective
gloss effects are three times for the gloss, two times for the
matt, and one time for a watermark or a texture. As explained
in the processing at step S603 in FIG. 6, the fusing processing
is performed first only on a region having the largest number
of'fusing processing time (=region requiring high glossiness),
thereby avoiding redundant fusing processing of clear toner
in the region in which an effect of low glossiness is aimed to
be produced.

Second Embodiment

Although in the first embodiment, it is configured such that
the clear processing 56 is arranged in the DFE 50, and the
DFE 50 performs determination processing of the surface-
effect selection table, and generation processing of data of a
clear toner plane, it is not limited thereto.

That is, it may be configured such that either one of two or
more kinds of processing that have been performed by one
device is performed by one or more of other devices con-
nected to the one device through a network.

As one example, in an image forming system according to
a second embodiment of the present invention, a part of the
functions of the DFE is implemented on a server device
arranged on a network.

FIG. 11 is a block diagram showing a configuration of the
image forming system according to the second embodiment.
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As shown in FIG. 11, the image forming system according to
the second embodiment includes a host device 3010, a DFE
3050, the MIC 60, the printer unit 70, the glosser 80, the low
temperature fuser 90, and a server device 3060 that is
arranged on a cloud. The postprocessors such as the glosser
80 and the low temperature fuser 90 are not limited thereto.

In the second embodiment, it is configured such that the
host device 3010 and the DFE 3050 are connected to the
server device 3060 through a network such as the Internet.
Moreover, in the second embodiment, it is configured such
that the module that performs generation processing of each
plane data of the host device 10 of the first embodiment, and
the clear processing 56 of the DFE 50 of the first embodiment
are arranged in the server device 3060.

A connecting structure of the host device 3010, the DFE
3050, the MIC 60, the printer unit 70, the glosser 80, and the
low temperature fuser 90 is the same as that of the first
embodiment.

That is, specifically, it is configured such that in the second
embodiment, the host device 3010 and the DFE 3050 are
connected to the single unit of the server device 3060 through
a network (cloud) such as the Internet, and the server device
3060 includes a plane-data generating unit 3062, a plane-data
generating unit 3063, and a clear processing 3066, and the
server device 3060 performs plane-data generation process-
ing to generate color plane data, clear plane data, and gloss
control plane data, generation processing of print data, deter-
mination processing of the surface-effect selection table, and
generation processing of clear-toner plane.

First, the server device 3060 is explained. FIG. 12 is ablock
diagram showing a functional configuration of the server
device 3060 according to the second embodiment. The server
device 3060 primarily includes a storage unit 3070, the plane-
data generating unit 3062, the clear processing 3066, and a
communication unit 3065 as shown in FIG. 12.

The storage unit 3070 is a recording medium such as a hard
disk drive (HDD) and a memory, and stores a density-value
selection table 3069. The density-value selection table 3069
is the same as the surface-effect selection table of the first
embodiment explained using FIG. 4.

The communication unit 3065 performs transmission and
reception of various kinds of data or requests between the host
device 3010 and the DFE 3050. More specifically, the com-
munication unit 3065 receives image specification informa-
tion and specification information, and a generation request
of print data, and transmits the generated print data to the host
device 3010. Furthermore, the communication unit 3065
receives 8-bit image data of a gloss control plane, 8-bit image
data of a color plane, and a generation request of a clear toner
plane, and transmits generated image data of a clear toner
plane, and the on/off information to the DFE 3050.

The plane-data generating unit 3062 generates color plane
data, gloss control plane data, and clear plane data, similarly
to the host device 10 in the first embodiment.

The print-data generating unit 3063 of the second embodi-
ment generates print data similarly to the host device 10 in the
first embodiment.

The clear processing 3066 has similar functions as the clear
processing 56 in the DFE 50 of the first embodiment.

Next, the DFE 3050 is explained. FIG. 13 is a block dia-
gram showing a functional configuration of the DFE 3050
according to the second embodiment. The DFE 3050 prima-
rily includes the rendering engine 51, the sil unit 52, the TRC
53, a si2 unit 3054, the halftone engine 55, and the si3 unit 57.
Functions and configurations of the rendering engine 51, the
sirunit 52, the TRC 53, the halftone engine 55, and the si3 unit
57 are the same as in the DFE 50 of the first embodiment.
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The si2 unit 3054 of the second embodiment transmits
8-bit gloss control plane data subjected to the gamma correc-
tion by the TRC 53, 8-bit color plane data of CMYK, and a
generation request of a color toner plane, to the server device
3060, and receives clear toner plane data and the on/off infor-
mation from the server device 3060.

Next, generation processing of a clear toner plane that is
required for print processing by the image forming system
according to the second embodiment configured as above is
explained. FIG. 14 is a sequence diagram showing an entire
flow of a toner plane generation processing according to the
second embodiment.

First, the host device 3010 receives input of image speci-
fication information and specification information by a user
(step S3201), and transmits a print data generation request
together with the image specification information and speci-
fication information to the server device 3060 (step S3202).

The server device 3060 receives the print data generation
request together with the image specification information and
the specification information, and generates image data of a
color plane, image data of a gloss control plane, and image
data of a clear plane (step S3203). The server device 3060
then generates print data from these pieces of image data (step
S3204), and transmits the generated print data to the host
device 3010 (step S3205).

Upon receiving the print data, the host device 3010 trans-
mits this print data to the DFE 3050 (step S3206).

Upon receiving the print data from the host device 3010,
the DFE 3050 analyzes the print data to acquire image data of
a color plane, image data of a gloss control plane, and image
data of a clear plane, and performs conversion, correction,
and the like on these pieces of image data (step S3207). The
DFE 3050 then transmits the image data of a color plane, the
image data of a gloss control plane, the image data of a clear
plane, and a clear-toner-plane generation request to the server
device 3060 (step S3208).

Next, when the server device 3060 receives the color plane
data, the gloss control plane data, the clear plane data, and the
clear-toner-plane generation request, the clear processing
3066 acquires sheet information of a print object, and selects
the surface-effect selection table based on the sheet informa-
tion (step S3209). Such determination processing for the
surface-effect selection table is performed similarly to the
processing performed by the clear processing 56 of the DFE
50 of the first embodiment described above.

Subsequently, the server device 3060 determines on/off
information (step S3210), and generates image data of a clear
toner plane (step S3211). The server device 3060 then trans-
mits the generated image data of a clear toner plane to the
DFE 3050 (step S3212).

Processings performed hereafter by the MID 60, the
glosser 80, and the low temperature fuser 90 are performed
similarly to the first embodiment.

As described, in the second embodiment, generation of
color plane data, gloss control plane data, clear plane data,
print data, and clear-toner plane data, and determination pro-
cessing of the surface-effect selection table are performed by
the server device 3060 on a cloud, and therefore, in addition
to the effects produced by the first embodiment, alteration or
the like of the density-value selection table or the surface-
effect selection table can be collectively performed, thereby
providing facilities to an administrator.

Although in the second embodiment, it is configured such
that the plane-data generating unit 3062, the plane-data gen-
erating unit 3063, and the clear processing 3066 are arranged
in single unit of the server device 3060 on a cloud, and the
server device 3060 performs the plane-data generation pro-
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cessing to generate color plane data, clear plane data, and
gloss control plane data, the generation processing of print
data, the determination processing of the surface-effect selec-
tion table, and the generation processing of clear-toner plane
data, it is not limited thereto.

For example, it may be configured such that two or more
units of server devices are arranged on a cloud, and the
respective processing described above is distributed to two or
more servers to be performed. FIG. 15 is a network configu-
ration diagram in which two servers (a first server device 3860
and a second server device 3861) are arranged on a cloud. In
an example shown in FIG. 15, it is configured to perform the
plane-data generation processing to generate color plane
data, clear plane data, and gloss control plane data, the gen-
eration processing of print data, the determination processing
of the surface-effect selection table, and the generation pro-
cessing of clear-toner plane data are distributed to be per-
formed by the first server device 3860 and the second server
device 3861.

For example, it can be configured such that the plane-data
generating unit 3062 and the plane-data generating unit 3063
are arranged in the first server device 3860, and the plane-data
generation processing and the generation processing of print
data are performed in the first server device 3860, and the
clear processing 3066 is arranged in the second server device
3861, and the determination processing of the surface-effect
selection table, and the generation processing of clear-toner
plane data are performed in the second server device 3861. A
form of distribution of the respective processing to respective
servers is not limited thereto, and it may take an arbitrary
form.

That is, as long as the minimum required configuration is
arranged in the host device 3010 and the DFE 3050, collective
arrangement of a part of all of the plane-data generating unit
3062, the print-data generating unit 3063, and the clear pro-
cessing 3066 in a single server device on the cloud, or dis-
tributed arrangement thereof in more than one server device
can be arbitrarily practiced.

In other words, as the example described above, it can be
configured such that either one out of multiple kinds of pro-
cessing that has been performed by one device is performed
by one or more units of other devices that is connected to one
device through a network.

Moreover, in the case of the configuration in which pro-
cessing is “performed by one or more units of other devices
that are connected to one device through a network”, the
configuration includes data input/output processing that is
performed between the one device and another device, or
among other devices such as processing of outputting, from
one device to another device, data (information) that is gen-
erated by the processing performed by the one device and
processing of receiving the data by another device.

That is, when another device is a single unit, it is to be a
configuration including input/output processing of data per-
formed between one device and another device, and when
other devices are two or more units, it is to be a configuration
including input/output processing of data performed between
one device and another device, and between other devices
such as between a first other device and a second other device.

Furthermore, although in the second embodiment, the
server device 3060, or multiple units of server devices such as
the first server device 3860 and the second server device 3861
are arranged on a cloud, it is not limited thereto. For example,
it may be configured such that the server device 3060 or the
multiple units of server devices such as the first server device
3860 and the second server device 3861 are arranged on
various kinds of networks such as an intranet.
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A hardware configuration of the host device 10, 3010, the
DFE 50, 3050, the server device 3060, the first server device
3860, and the second server device 3861 is explained. FIG. 16
is a hardware configuration diagram of the host device 10,
3010, the DEE 50, 3050, and the server devices 3060, 3860,
3861. The host device 10, 3010, the DFE 50, 3050, and the
server devices 3060, the first server device 3860, the second
server device 3861 have, as a hardware configuration, a con-
trol device 2901 such as a central processing unit (CPU) that
controls the entire apparatus, a main storage device 2902,
such as a read-only memory (ROM) and random access
memory (RAM), that stores various kinds of data and various
kinds of programs, an auxiliary storage device 2903, such as
an HDD, that stores various kinds of data and various kinds of
programs, an input device 2905 such as a keyboard and a
mouse, and a display device 2904, and has a hardware con-
figuration using an ordinary computer.

An image processing program (including an image pro-
cessing application, same hereafter) that is executed by the
host device 10 and 3010 in the above embodiments is stored
in a non-transitory computer-readable recording medium
such as a compact-disc ROM (CD-ROM), a flexible disk
(FD), a CD-recordable (CD-R), and a digital versatile disk
(DVD), in a file in an installable format or an executable
format, and is provided as a computer program product.

Moreover, it may be configured such that the image pro-
cessing program that is executed by the host device 10 and
3010 of the above embodiments is stored in a computer that is
connected to a network such as the Internet, and provided by
being downloaded through the network. Furthermore, it may
be configured such that the image processing program that is
executed by the host device 10 and 3010 of the above embodi-
ments is provided or distributed through a network such as the
Internet.

Moreover, it may be configured such that the image pro-
cessing program that is executed by the host device 10 and
3010 of the above embodiments is installed in, for example,
ROM or the like in advance to be provided.

The image processing program that is executed by the host
device 10, 3010 of the above embodiments has a modular
structure including the respective components described
above (the plane-data generating unit, the print-data generat-
ing unit, an input control unit, a display control unit), and as
actual hardware, by reading and executing the image process-
ing program from the above recording medium by a CPU, the
respective components described above are loaded on the
main storage device, and the plane-data generating unit, the
print-data generating unit, the input control unit, and the
display control unit are created on the main storage device.

Furthermore, print control processing performed by the
DFE 0.50 and 3050 in the above embodiments may be imple-
mented by a print control program as software, besides imple-
mentation by hardware. In this case, the print control program
executed by the DFE 50 and 3050 in the above embodiments
is installed in advance in a ROM or the like to be provided.

The print control program that is executed by the host
device 10, 3010 in the above embodiments may be configured
to be stored in a non-transitory computer-readable recording
medium such as a CD-ROM, an FD, a CD-R, and a DVD, in
a file in an installable format or an executable format to be
provided as a computer program product.

Moreover, the print control program that is executed by the
DFE 50 and 3050 in the above embodiments may be config-
ured to be stored in a computer connected to a network such
as the Internet, and to be provided by being downloaded
through the network. Furthermore, the print control program
that is executed by the DFE 50 and 3050 in the above embodi-
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ments may be configured to be provided or distributed
through a network such as the Internet.

The print control program that is executed by the DFE 50
and 3050 in the above embodiments has a modular structure
including the respective components described above (the
rendering engine, the halftone engine, the TRC, the sil unit,
the si2 unit, the si3 unit, the clear processing), and as actual
hardware, by reading and executing the print control program
from the ROM described above by a CPU (processor), the
respective components described above are loaded on the
main storage device, and the rendering engine, the halftone
engine, the TRC, the sil unit, the si2 unit, the si3 unit, and the
clear processing are created on the main storage device.

Furthermore, the generation processing of various data
executed by the server device 3060 in the above embodiment
may be implemented by a generation program as software,
besides implementation by hardware. In this case, the gen-
eration program executed by the server device 3060 in the
above embodiment is installed in a ROM or the like in
advance to be provided.

The generation program of various data that is executed by
the server device 3060 in the above embodiment may be
configured to be stored in a computer-readable recording
medium such as a CD-ROM, an FD, a CD-R, and a DVD, in
a file in an installable format or an executable format to be
provided as a computer program product.

Moreover, the generation program of various data that is
executed by the server device 3060 in the above embodiment
may be configured to be stored in a computer connected to a
network such as the Internet, and to be provided by being
downloaded through the network. Furthermore, the genera-
tion program of various data that is executed by the server
device 3060 in the above embodiment may be configured to
be provided or distributed through a network such as the
Internet.

The generation processing of various data that is executed
by the server device 3060 has a modular structure including
the respective components described above (the plane-data
generating unit, the plane-data generating unit, the clear pro-
cessing), and as actual hardware, by reading and executing
the generation processing from the ROM described above by
a CPU (processor), the respective components described
above are loaded on the main storage device, and the plane-
data generating unit, the plane-data generating unit, and the
clear processing are created on the main storage device.

Although in the above embodiment, the image forming
system is configured to have the host device 10, 3010, the
DFE 50, 3050, the MIC 60, the printer unit 70, the glosser 80,
and the low temperature fuser 90, it is not limited thereto. For
example, the DFE 50, 3050, the MIC 60, and the printer unit
70 may be integrally formed into a single unit of an image
forming apparatus, and further, may be formed as an image
forming apparatus that includes the glosser 80 and the low
temperature fuser 90.

Although in the image forming system of the embodiment
describe above, images are formed using multiple color ton-
ers of CMYK, images may be formed using single color toner.

Although a printer system of the embodiment described
above has a configuration including the MIC 60, it is not
limited thereto. It may be configured such that processing and
functions of the MIC 60 described above are given to another
device such as the DFE 50, and the MIC 60 is not arranged.

According to the present invention, an image can be
formed, appropriately giving a surface gloss effect for each of
image regions indicated by image data.

Although the invention has been described with respect to
specific embodiments for a complete and clear disclosure, the
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appended claims are not to be thus limited but are to be
construed as embodying all modifications and alternative
constructions that may occur to one skilled in the art that
fairly fall within the basic teaching herein set forth.

What is claimed is:

1. A printer control device that controls an image forming
apparatus that forms an image on a recording material based
on color planes for applying one or more color toners on the
recording material and clear toner planes for applying clear
toner on the recording material, and that fixes the one or more
color toners and the clear toner on the recording material, the
printer control device comprising:

a storage that stores therein, in a manner associated with
each other, a total amount of density values of the one or
more color toners, a surface effect being a visual effect
or a tactile effect using the clear toner, and a number of
times of overprinting that is a number of clear-toner-
fusing times with which each of surface effects is satis-
fied; and

circuitry that determines a number of times of overprinting
required for satisfying each type of the surface effects
based on the total amount of density values of one or
more of color toners,

wherein the printer control device controls the image form-
ing apparatus so as to perform firstly overprinting for the
surface effect that has a maximum number of times
among the determined numbers of times of overprinting
determined by the circuitry.

2. The print control device according to claim 1, wherein

the circuitry generates a clear toner plane so as to smooth a
surface of clear toner fixed on the recording material.

3. The print control device according to claim 2, wherein

the circuitry generates, when a surface effect is a high
gloss, a clear toner plane to be fixed first so as to make a
total adhesion amount of color toner and clear toner
uniform, and a clear toner plane to be fixed second and
later so as to be solid.

4. The print control device according to claim 2, wherein

the circuitry generates, when a surface effect is to reduce
gloss, a clear toner plane that is deviated in each of a
main scanning direction and a sub-scanning direction by
an amount smaller than a halftone cycle, for a toner
image that is formed on the recording material.

5. The print control device according to claim 4, wherein

the circuitry produces deviation smaller than the halftone
cycle in each of the main scanning direction and the
sub-scanning direction each time a clear toner plane is
generated.

6. The print control device according to claim 2, wherein

the circuitry generates, subsequently to generation of a
solid clear toner plane, a clear toner plane so as to
smooth a surface of clear tone that is fixed on the record-
ing material, by generating a solid clear toner plane.

7. A method for a printer control device that controls an
image forming apparatus that forms an image on a recording
material based on color planes for applying one or more color
toners on the recording material and clear toner planes for
applying clear toner on the recording material, and that fixes
the one or more color toners and the clear toner on the record-
ing material, the method comprising:

storing, in a manner associated with each other, a total
amount of density values ofthe one or more color toners,
a surface effect being a visual effect or a tactile effect
using the clear toner, and a number of times of overprint-
ing that is a number of clear-toner-fusing times with
which each of surface effects is satisfied;
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determining a number of times of overprinting required for
satisfying each type of the surface effects based on the
total amount of density values of one or more of color
toners; and
controlling the image forming apparatus so as to perform
firstly overprinting for the surface effect that has a maxi-
mum number of times among the determined numbers
of times of overprinting determined by the determining.
8. A non-transitory computer-readable storage medium
including computer executable instructions, wherein the
instructions, when executed by a computer, cause the com-
puter to perform a method for controlling an image forming
apparatus that forms an image on a recording material based
on color planes for applying one or more color toners on the
recording material and clear toner planes for applying clear
toner on the recording material, that fixes the one or more
color toners and the clear toner on the recording material, the
method comprising:
storing, in a manner associated with each other, a total
amount of density values of the one or more colortoners,
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a surface effect being a visual effect or a tactile effect
using the clear toner, and a number of times of overprint-
ing that is a number of clear-toner-fusing times with
which each of surface effects is satisfied;

determining a number of times of overprinting required for
satisfying each type of the surface effects based on the
total amount of density values of one or more of color
toners; and

controlling the image forming apparatus so as to perform
firstly overprinting for the surface effect that has a maxi-
mum number of times among the determined numbers
of times of overprinting determined by the determining.

9. The print control device according to claim 1, wherein,

15 for a particular total amount of density values, a first surface

effect of the surface effects has a different number of times of
overprinting associated therewith than a second surface effect
and a third surface effect.
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